Summary. The dye 1-anilino-naphthalene-8-sulphonate (ANS) bound at 94\m=.\5\ m=+-\ 2\m=.\7 pmol per 106 spermatozoa (Kd = 1\m=.\83\ m=+-\0\m=.\13\m=x\ 10\m=-\5 m) and 7\m=.\30\ m=+-\ 0\m=.\17 pmol per mg seminal plasma protein (Kd = 2\m=.\19\ m=+-\0\m=.\06\m=x\10\m=-\5 m). Equilibration of excess ANS with a mixture of washed spermatozoa and seminal plasma resulted in a significant increase in fluorescence over that calculated by summation of the individual levels (P < 0\m=.\05). A less pronounced but significant increase was seen when an egg-yolk lipoprotein, previously shown to have cryoprotective properties, was similarly added to washed spermatozoa (P < 0\m=.\05).This increase in fluorescence was not reduced by washing spermatozoa\p=n-\lipoproteinmixtures, suggesting that an interaction between the lipoprotein and the cell membrane had occurred.
Introduction
Egg yolk is widely regarded as an essential ingredient of diluents employed for the freezing of bovine spermatozoa. Such biological supplements are not ideal since they are variable in composition and are potential carriers of pathogens. Attempts have been made to characterize the components in egg yolk that provide protection against damage during cooling, freezing and thawing. Phospholipids (Kampschmidt, Mayer & Herman, 1953) , phosphatidyl choline (Martin, 1963; Lanz, Pickett & Komarek, 1965; Masuda & Nishikawa, 1972) , various lipid extracts and lipoprotein fractions (Bialy, Ludwick, Hess & Ely, 1957; Gebauer, Pickett, Komarek & Gaurya, 1970) and specific lipoproteins (Masuda & Nishikawa, 1972; Foulkes, 1977) have all been reported to provide cryoprotection to spermatozoa.
The interaction of fluorescent dyes with membrane components has proved a useful tool for investigation of the physico-chemical properties of membranes (Datta & Penefsky, 1970;  Aithal, Kalra & Brodie, 1974; Peterson, Bundman & Freund, 1978) . The dye 1-anilino-naphthalene-8-sulphonate (ANS) fluoresces strongly when adsorbed to proteins in solution (Weber & Laurence, 1954) and when bound to human spermatozoa (Mercado & Rosado, 1973) . Microscopical studies have indicated that the fluorescence resulting from ANS interaction with ram spermatozoa is reduced by prior incubation of spermatozoa with egg yolk (Watson, 1975) . Watson (1979) concluded that washing spermatozoa to remove egg yolk before the addition of ANS did not prevent this fluorescence inhibition. This supported the contention (Foulkes, 1977) that egg-yolk constituents bind firmly to sperm membranes.
In the present study fluorescence resulting from ANS interaction with spermatozoa and seminal plasma proteins was used to investigate dye binding sites on the sperm membrane. The interaction of bovine spermatozoa with a particular egg-yolk lipoprotein, previously shown to confer cryoprotection (Foulkes & Stewart, 1977) , was investigated by using ANS fluorescence.
Materials and General Methods

Preparation ofspermatozoa
Ejaculates were collected from fertile bulls by artificial vagina and were combined at 30°C.
The concentration of spermatozoa was determined using a calibrated EEL colorimeter (Cox & Melrose, 1953) and motility was assessed by examination under a microscope at 40°C. After dilution in 0-1 M-phosphate-buffered saline (PBS, pH 6-9) the spermatozoa were washed by centrifugation through 7-5% (w/v) Ficoll 400 (Pharmacia, Uppsala, Sweden) in PBS to remove seminal plasma components (Harrison, 1976 (Foulkes, 1977) . The eluate volume was reduced with an Amicon CH4 concentrator and the protein concentration was determined (Lowry, Rosebrough, Farr & Randall, 1951) .
Fluorometry
Fluorescence measurements were made with a recording spectrofluorometer (Perkin-Elmer MPF-2A) at 475 nm using the procedures described by Mercado & Rosado (1973) (Text- fig. 1 ) with ANS to a maximum concentration of 100 pM-ANS (Datta & Penefsky, 1970) . The sample volume was chosen to limit any increase in volume to less than 5% (Mercado & Rosado, 1973) , thereby minimizing its effect on the level of fluorescence.
As a preliminary to calculation of the proportion of dye bound at increasing ANS concentrations, co-ordinates along the line 'maximum fluorescence on ANS concentration' were determined as follows. ANS (100-400 µ) was titrated with washed spermatozoa (Text- fig. 2a ) or seminal plasma (Text- fig. 2b ). The reciprocal of fluorescence was plotted against the reciprocal of number of spermatozoa/ml (Text- fig. 3a ) or protein concentration ) and each line was extrapolated to the ordinate by regression analysis. The maximum fluorescence at each ANS concentration was calculated as the reciprocal of the ordinate intercept (Brocklehurst, Freedman, Hancock & Radda, 1970 (Scatchard, 1949; Datta & Penefsky, 1970; Mercado & Rosado, 1973; Aithal et ai, 1974) for each sperm or seminal plasma protein concentration (Text- fig. 4 ). KD was determined as the negative of the value calculated for the gradient and as the ordinate intercept (Table 1) . Alternatively, the reciprocal of the concentration of ANS bound was plotted against the reciprocal of the concentration of unbound dye (Klotz, Walker & Pivan, 1946; Laurence, 1952; Weber & Young, 1964a, b; Mercado & Rosado, 1973 (Text-fig. 7 ). Two-tailed matched pairs t tests were performed to assess the null hypothesis that the addition of protein to washed spermatozoa had no effect upon fluorescence following ANS addition (i.e. Fa -Ft = 0). ANS fluorescence increased after equilibration of spermatozoa with seminal plasma (mean increase 25-5 ± 1-76%; < 0-05) or egg-yolk lipoprotein (8-9 ± 1-76%; < 0-05) as deter¬ mined from the data illustrated in . (Radda & Vanderkooi, 1972) and the fluorescence enhanced by transfer of excitation energy from neighbouring protein chromophores to the bound dye (Wallach, Ferber, Seilin, Weidekam & Fisher, 1970 (Watson, 1975 (Watson, , 1979 , although the dye was used in limiting concentrations (Watson, 1975) . This apparent reduction in membrane-associated ANS fluorescence might therefore have been due to competition between spermatozoa and egg-yolk components for the dye. Watson (1975) (Watson, 1975) (Table 2b ) indicated, however, that there was no significant difference between the fluorescence decreases observed with spermatozoa and sperm-lipoprotein mixtures, suggesting that the reduction was due to cell loss in the washing procedures.
Although it is not possible to conclude that egg-yolk lipoprotein and ANS compete for the same sites on the bovine sperm membrane as suggested for ram spermatozoa (Watson, 1975 (Watson, , 1979 , the results indicate that the lipoprotein interacted with membrane components leading to an increase in ANS fluorescence and a reduction in quantum yield. These results lend support to the contention that egg-yolk lipoproteins exert their cryoprotective effect by stabilizing the sperm membrane during the process of freezing and thawing.
